A flexible microneedle array as low-voltage electroporation electrodes for in vivo DNA and siRNA delivery.
In vivo electroporation is an appealing method to deliver nucleic acid into living tissues, but the clinical application of such a method was limited due to severe tissue damage and poor coverage of the tissue surface. Here we present the validation of a novel flexible microneedle array electrode (MNAE) chip, in which the microneedle array and the flexible substrate are integrated together to simultaneously facilitate low-voltage electroporation and accomplish good coverage of the tissue surface. The efficient delivery of both DNA and siRNA was demonstrated on mice. Upon penetrating the high-resistance stratum corneum, the electroporation voltage was reduced to about 35 V, which was generally recognized safe for humans. Also, a pathological analysis of the microneedle-electroporated tissues was carried out to thoroughly assess the skin damage, which is an important consideration in pre-clinical studies of electroporation devices. This MNAE constitutes a novel way of in vivo delivery of siRNA and DNA to certain tissues or organs with satisfactory efficiency and good adaptation to the tissue surface profile as well as minimum tissue damage, thus avoiding the disadvantages of existing electroporation methods.